The mesencephalic projection pattern of axons arising from the medullary dorsal horn (MDH) was studied on the basis of axonal transport of Phaseolus vulgaris Leucoagglutinin (PHA-L). After large injections of PHA-L into both the superficial and deep laminae of the MDH, labeled fibers were observed in the anterior pretectal area (ATP), internal gray matter of the superior colliculus(InG), and rostral linear raphe nucleus (RLi) in the contralateral mesencephalon, and also in the ipsilateral parabrachial nucleus (PBA). Restriction of PHA-L to only the superficial laminae resulted in heavy axon labeling and varicosity in the APT and little labeling in the lateral part of theInG of the contralateral mesencephalic nuclei and the dorsal part of the ipsilateral PBA. On the other hand, after injections into the deep laminae, labeled axons were distributed mainly in the contralateralInG and RLi. Therefore, it is concluded that there are two different major pain pathways from the superficial and deep laminae of the MDH to the mesencephalic nuclei, processing nociceptive information in the trigeminal system. (J.
Introduction
It is well known that the spinal dorsal horn functions as a relay center for nociceptive information in the spinal cord, and that many nociceptive spinal dorsal horn neurons have ascending axonsprojecting to the mesencephalic nuclei (1) (2) (3) (4) . Similarly, small-diameter primary afferent fibers terminate in the superficial and deep laminae of the spinal trigeminal nucleus caudalis (medullary dorsal horn: MDH) (5-7). Many of their neurons are responsive to noxious stimulation of the orofacial skin (8) (9) (10) (11) (12) (13) (14) . Previous anatomical studies have revealed that neurons in the MDH have axons projecting directly to the parabrachial nucleus (15) . Furthermore, the tectum and raphe nucleus are known to have some relation to the descending inhibitory system (16) . By contrast, the pattern of projection from the superficial and deep laminae of the MDH to the mesencephalic nuclei still remains unclear.
In the present experiment, the distribution patterns of axons arising from the superficial and deep laminae of the MDH in the mesencephalic nuclei were studied by use of PHA-L as an anterograde tracer. 2 C) . On the other hand, many labeled fibers were found in the InG after injection in the deep laminae (Fig. 2 E) . In the present study, we found many labeled fibers in the RLi after deep injection were observed. In the PBA, many labeled fibers could be seen on the ipsilateral side after large injections (Fig. 2  B) . After superficial injection of PHA-L in the MDH, many labeled fibers were found in the dorsal portion of the PBA, whereas few fibers could be seen in the lateral portion of this nucleus after the deep injection (Fig. 2 D  and F) . Previous anatomical (15, 17) and electrophysiological (4,18) studies have reported that the PBA neurons are involved in the processing of gustatory and nociceptive information. Norgren and Leonard (17) showed that the neurons responding to gustatory stimuli were distributed in the ventral and dorsal parts of the PBA. In the present study, labeled fibers were found in the dorsal PBA after superficial injection, and in the lateral portion of the PBA after deep injection. Cechetto et al. (19) studied afferents to the PBA from the spinal cord and the MDH in rats using anterograde and retrograde transport of WGA-HRP. Injections of WGA-HRP into the medial PBA labeled retrogradely neurons in the promontorium and in lamina I of the dorsal rostral MDH, whereas injections into the lateral PBA and the Kolliker-Fuse nucleus retrogradely labeled neurons in these areas as well as in lamina I throughout the MDH and spinal dorsal horn. Injection of WGA-HRP into the caudal MDH and dorsal horn of the spinal cord resulted in terminal labeling in the dorsal, central and external lateral subnuclei of the PBA and the Kolliker-Fuse nucleus. An anatomical study by Hylden et al. (15) showed that the MDH lamina I thalamic projection neurons had axonal collaterals projecting to the PBA. These findings suggest that the neurons in the dorsal and ventral PBA are involved in the processing of trigeminal noxious and gustatory information from the MDH, and that some of this information is also processed via the trigemino-thalamic pathway. Electrophysiological studies (4,7) have revealed that the nociceptive neurons in the PBA are characterized by a specific response to noxious stimulation and relatively large receptive fields, some of them extending fully over the body surface. These physiological characteristics of PBA neurons receiving inputs from the superficial region of the MDH suggest that the neurons would be involved in the motivational-affective aspect of trigeminal pain. Further anatomical studies have reported that PBA neurons are reciprocally connected with the orbital cortex, suggesting that PBA neurons relay nociceptive information from the MDH to the orbital cortex via the thalamic nuclei (20) .
In the present study, we also found sparse labeled fibers in the APT after superficial injection. Chiang et al. (21) reported that thejaw-opening reflex produced by electrical stimulation of the facial skin was inhibited by stimulation of the APT. Taken together with our data, the neurons in the superficial MDH appear to be involved in descending control of nociception in the trigeminal sensory system.
We found clearly labeled fibers in theInG, and RLi in the contralateral mesencephalon. It is known that the raphe nucleus has an important role in modulating neural activity in the spinal and medullary dorsal horn. Anatomical studies have also revealed that neurons in the raphe nucleus have reciprocal connections with spinal and medullary dorsal horn neurons. In this study, we found labeled fibers only after deep injection. This suggests that descending modulation from RLi may be produced by reciprocally connected neuronal circuits with neurons in the deep laminae of the MDH.
It has been shown that the superior colliculus functions as a relay nucleus for visual and somatic sensations (22) and is also related to motor functions. Rhoades et al. (23) employed PHA-L as the anterograde tracer and found that projections from the trigeminal brain stem complex to the deep laminae of the superior colliculus (SC) in the hamster and the rat. Their data showed that injection of PHA-L into the trigeminal nucleus principalis (PrV) produced labeled axons and button-like swellings bilaterally in theInG and upper striatum album intermedium in the SC. Injection of PHA-L into the MDH produced only sparse labeling in theInG contralateral to the PHA-L injection site. Their data were consistent with our results where labeled fibers were distributed in the contralateralInG after injection of PHA-L into the deep laminae of the MDH. On the other hand, Huerta et al. (24) found that the trigeminocollicular neurons were especially numerous within the trigeminal subnucleus interpolaris using retrograde HRP labeling. The discrepancy between our results and those of Huerta et al. may be explained by the difference in methodology; we used an anterograde tracing technique, whereas they employed retrograde labeling.
Previous electrophysiological studies (22, 25) revealed that neurons in the superior colliculus were involved in the control of lateral head movement with a relation to somatosensory function. These results suggest that neurons in the deep laminae of the MDH are involved in head movement related to the trigeminal somatosensory system.
The major finding of the present study is that there are twodifferent pain pathways from the superficial and deep laminae of the MDH to the mesencephalic nuclei, and that these pathways may be related to the descending modulatory system, relaying nociceptive information to the higher central nervous system.
